Introduction

36
The world population is undergoing a period of significant change in terms of increased life 37 expectancy and the provision of therapeutic options for diseases that predominantly affect older 38 people. In the field of chemistry, the evidence and elucidation of oxidative stress caused by the 39 action of reactive oxygen species (also known as free radicals) on organisms, contribute significantly 40 to the understanding of several pathologies associated with the ageing process. Understanding the 41 effects produced by free radicals in human beings stimulated, for example, the increase in the
50
The endogenous and exogenous production of AGEs is explained by the reaction mechanism 51 that gives aroma and color to foods when processed, also known as the Maillard reaction. It consists 52 of a complex series of parallel and subsequent chemical reactions that produce an enormous class of 53 compounds described by the French biochemist Louis Camille Maillard [4] .
54
Initially, a condensation reaction occurs, in which the carbonyl groups of reducing sugars (or 55 α-dicarbonyls formed by their fragmentation) undergo nucleophilic attack on the non-ligand 56 electron pair of amino groups present in proteins or amino acid residues (arginine, lysine, etc.) [4] . 
83
It is known that the AGE generation process, in vivo, is coupled to the generation of free 84 radicals that promote the early glycation process of proteins. Despite this evidence, only a very small 85 number of studies have been carried out to date, relating the generation of free radicals to the 86 formation of AGEs, even though both are related to oxidative stress and consequently to premature 87 ageing [20 -23] .
88
Therefore, this work aimed to significantly reduce the reaction time for AGEs formation, by 89 coupling and adapting procedures already reported in the literature [24] [25] [26] [27] [28] [29] , to the free radical 90 generation system termed the hypoxanthine/xanthine oxidase assay [26, 28] 
114
In this method, free radicals are produced by the oxidation process of hypoxanthine to xanthine
115
(by the action of the enzyme xanthine oxidase), as described by Owen (2000) and collaborators [26] .
116
The presence of these radicals in excess during the glycation and glycooxidation of the protein can 
141
After verification of the formation of the AGEs in all media using spectrofluorimetry, the same 142 procedure described above was repeated, but with the addition of 10 μL of xanthine oxidase (XO; 143 18mU-Sigma Aldrich) to the reaction mixtures, using this time only phosphate buffer (0.1 M) plus 4 of 17 salicylic acid (pH = 6.6) as the reaction medium. The incubation periods used for this procedure were 145 3 and 48 hours, and the reactions were terminated by the addition of 10 μL of concentrated 146 hydrochloric acid. Fluorescence was determined as described above.
147
After the determination of the coupling efficiency of the medium containing xanthine oxidase
148
(which promotes the generation of free radicals), this procedure was repeated using 24 and 48 hours 
172
The intrinsic fluorescence of MGO and GO was initially determined using a calibration curve in 173 the range 0-400 mg/mL in phosphate buffer (pH = 6.6).
174
To Eppendorf microfuge tubes (2.0 mL), 93.75 μL of BSA (16 mg/ml), 25 μL of MGO or GO 175 solutions (5.55 x10 -2 and 6.89 x10 -2 M respectively) and 881.75 μl phosphate buffer (pH = 6, 6) was 
208
Only the results obtained for the leaf methanol extract of HSG, was considered significant,
209
which was subjected to more detailed analysis. The procedure was the same as for the pure 210 compounds but using different amounts of the extract (2.5 -20 mg).
211
Hexane, 5%, 10%, 25% and 50% MeOH in acetic acid (2%) fractions of the methanol extract of 
274
(pH = 6.6) using different incubation times (24 hours, 48 hours, 1 week, 2 weeks, 3 weeks).
276
In experiments where glucose was replaced by fructose ( 
301
The data obtained indicate the critical and harmful role that this sugar may cause to human 
326
Therefore, as shown in Figure 8 , it can be seen that in comparison to the controls with intrinsic 327 fluorescence from both MGO and GO, the increase of fluorescence in the presence of BSA due to
328
AGEs formation is comparable to our standard sugar procedure. However this is only after 3 hours 
391
(pH = 6.6) and incubation for 48 hours.
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Inhibition using the flavonoid Rutin 394
The ability of some flavonoids to act as scavenging agents of 1, 2-dicarbonyl compounds has 395 previously been demonstrated using classical procedures with an incubation period of 1-3 weeks.
396
(+)-Catechin, (-)-epicatechin and procyanidins are reported to be active inhibitors [14, 32, 33] . It has 397 also been demonstrated that epigallocatechin-3-gallate (EGCG) is a good scavenger of MGO and GO 398 under neutral or slightly alkaline pH conditions, producing mono-and di-substituted adducts (3: 1 399 molar ratio) from condensation reactions [36] . These reactions occur preferentially at the C6 and/or 400 C8 positions of the A ring. The higher reactivity of these positions is attributed to the increase in 401 nucleophilicity of these carbons due to resonance effects, activated by the phenolic groups through a 402 condensation reaction [36] .
403
Rutin, is a flavonoid with a structure very similar to EGCG, in which gallate is replaced by a 404 rhamnoglucoside group. In all the assays performed (glucose, MGO and GO), rutin presented a 
415
Of interest is that in the presence of XO, rutin was very effective at only 0.25 mM, exerting an 416 inhition capacity of 43, 36 and 39 % in the glucose, MGO and GO assays respectively and increasing 417 the concentration to 2.0 mM only increased this by 6, 25 and 16 %. Therefore it can be concluded that 418 rutin is a far more effective inhibitor of AGEs formation than the positive control aminoguanidine. 
427
in the presence and absence of XO in pure phosphate buffer (pH = 6.6) and incubation for 48 hours.
428
.
429
Conclusions
430
It is concluded that coupling of a free radical generating system such as the 
437
Our data is supported by a recent clinical study showing that serum XO levels are significantly 438 increased in both type 2 diabetes mellitus patients with and without diabetic peripheral neuropathy 439 in comparison to healthy controls. Xanthine oxidase activity was also directly correlated to the 440 formation of AGEs in these patients [43] .
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